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HYDROCARBON AND NONHYDROCARBON DERIVATIVES OF CYCLOPROPANE 

By Vebnon A. Slabey, Paul H. Wise, and Louis C. Gibbons 


SUMMARY 

The method# used to prepare and purify 19 hydrocarbon 
derivatives of cyclopropane are discussed. Of these hydro- 
carbons, IS were synthesized for the first time. In addition to 
the hydrocarbons, six cydopropylcarbinols, five alkyl cyclo- 
propyl ketones, three cyclopropyl chlorides, and one cyclo- 
propanedicarboxylate were prepared as synthesis intermediates. 

The melting points, boiling points, refractive indices, densi- 
ties, and, in some instances, heats of combustion of both the 
hydrocarbon and nonhydrocarbon derivatives of cyclopropane 
were determined. These data and the infrared spectrum of 
each of the 34 cyclopropane compounds are presented herein. 

The infrared absorption bands characteristic of the cydo r 
propyl ring are discussed, and some observations are made on 
the contribution of the cyclopropyl ring to the molecular refrac- 
tions of cyclopropane compounds. 

INTRODUCTION 


The pyrolysis of pyrazolines has also found limited use for the 
preparation of certain cyclopropanes (refs. 8 to 11): 
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A method reported by Whitmore and co-workers (refs. 12 
to 15) involves the removal of hydrogen halide from alkyl 
halides in which the halogen atom is one carbon removed 
from a quaternary carbon atom: 
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The synthesis and purification of cyclopropane hydro- 
carbons was begun at the NACA Lewis laboratory in 1944 in 
order to provide high-purity samples of substituted cyclo- 
propanes for an investigation of the effect of molecular 
structure on combustion characteristics and other properties 
pertinent to research on fuels for aircraft propulsion systems. 
The present; report summarizes the research pertaining to 
the synthesis of 19 hydrocarbon and 15 nonhydrocarbon 
derivatives of cyclopropane. 

Few general methods for preparing hydrocarbons which 
contain the cyclopropyl ring are known. The method of 
Gustavson, which involves the reaction of a, 7 -dibromides 
with zinc dust in a protonic solvent, has frequently been used 
(refs. 1 to 6 ): 
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A modification of the Gustavson reaction, in which mag- 
nesium reacted in tetrahydrofuran with an a, 7 -dichloride, 
was recently used to prepare methylenecyclopropane (ref. 7): 


Cl — CH, 
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In each of these methods the cyclopropane ring is formed 
during the reaction. 

Another approach to the synthesis of cyclopropane hydro- 
carbons is that which involves the conversion of nonhydro- 
carbon derivatives of cyclopropane to the corresponding 
hydrocarbon derivatives. For example, some of the carbinol 
derivatives of cyclopropane have been dehydrated with acidic 
catalysts to the corresponding cydopropylalkenes (refs. 16 
to 20 ): 


CH, CH, CH, CH, 

X CH— A— CH, ► ^CH— A-=CH, 

All, Ah All, 

Exhaustive methylation of cydopropylcarbinylamines also 
has been reported to yidd cydopropylalkenes (ref. 21): 
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In an analogous manner, cydopropene has been prepared 
from eydopropylamine (ref. 22). For the preparation of 
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certain cydopropylalkanes, the Wolff-Kishner reduction of 
cyclopropyl ketones has been used (refs. 23 to 25): 

CH, 

\ N,H, 

CH— C— CH, > 

oil, ^ 


CH, CH, 
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CH, 

^CH — CH, — CH, 

All, 


The usefulness of all the reactions described is limited by 
the availability of starting materials. With few exceptions, 
the a, y-dibromides for the Gustavson reaction, the pyra- 
zolines, the halides suitable for hydrogen halide elimination 
reactions, and the nonhydro carb on derivatives of cyclopro- 
pane are not commercially available. Consequently, cyclo- 
propane hydrocarbons generally have been prepared only in 
limited research quantities. With the exception of cyclo- 
propane itself, which has been used as an anesthetic, none of 
the cyclopropane hydrocarbons are available commercially. 

The announcement during World War II of the commercial 
availability of methyl cyclopropyl ketone coincided with the 
interest of the Lewis laboratory in the preparation of cyclo- 
propane hydrocarbons. It was believed that this nonhydro- 
carbon derivative of cyclopropane could be used to prepare 
a series of cyclopropane hydrocarbons in the following 
manner: The ketone was known to react with Grignard re- 
agents to give methylalkylcyclopropylcarbinols (refs. 26 
and 27): 


CH, 

^CH— C-CH, 

CH, A 
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CH, CH, 

^CH— A— R 

All, Ah 


[R, hydrocarbon radical; X, halogen atom] 

By using different R — X compounds for the preparation of 
R — Mg — X, the length and the degree of branching of the 
hydrocarbon chain could be varied. The methylalkylcydo- 
propylcarbinols were known to dehydrate in the presence of 
acid catalysts to the cyclopropylalkenes (refs. 16 to 20), al- 
though the practicability of the reaction as a synthesis 
method had not been established: 
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The selective hydrogenation of the cyclopropylalkenes to the 
corresponding cyclopropylalkanes had not been investigated; 
but it was believed that by proper selection of catalyst, tem- 
perature, and pressure, the desired hydrogenation could be 
accomplished: 
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(Concurrently with the present research, the authors of refs. 
28 and 29 attempted the, catalytic hydrogenation of 2-cyclo- 
propylpropene and vinylcydopropane. The catalyst and 
the reaction conditions employed by them yielded the cor- 
responding cyclopropylalkanes hut also gave considerable 
amounts of paraffinic hydrocarbons.) 

A total of 12 cyclopropylalkenes and 5 cyclopropylalkanes 
were prepared in this manner from methyl, cyclopropyl 
ketone: 

By dehydration of alkylcyolopropylcarbinols. — 
Vinylcyclopropane 

2-Cydopropylpropene * 

2-Cyclopropyl-l-butene 

2-Cydopropyl-l-pentene 

2-Cydopropyl-l-hexene 

2-Cydopropyl-3-methyl-l-butene 

2-Cydopropyl-2-butene (1. b.) 

2-Cyclopropyl-2-buteno (h. b.) 

2-Cydopropyl-2-pentene (1. b.) 

2-Cyclopropyl-2-pentene (h 1 . b.) 

2-Cydopropyl-2-hexene (1. b.) 

2-Cydopropyl-2-hexene (h. b.) 

(The abbreviations 1. b. and h. b. denote the low-boiling and 
the high-boiling geometrical isomers, respectively.) 

By hydrogenation of cyclopropylalkenes. — 
2-Cydopropylpropane 
2-Cydopropylbutane 
2-Cydopropylpentane 
2-Cyclopropylhexane 
2-Cydopropyl-3-methylbutane 
Of these 17 hydrocarbons, 12 were prepared for the first time. 

In addition to the hydrocarbons, six cyclopropylcarbinols 
were obtained as synthesis intermediates, and five oydo- 
propyl ketones were obtained from the ozonization of the 
2-cydopropyl-l-alkenes: 

Cydopropyloarbinols from Grignard reactions. — 
Dimethylcydopropylcarbinol 
Methylethylcydopropylcarbinol 
Methylpropylcydopropylcarbinol 
Methylisopropylcydopropylcarbinol 
Methylbutylcydopropylcarbinol 

Cyclopropyl ketones from ozonization of 2-cyolopropyl- 

1-alkenes. — « 

Methyl cydopropyl ketone 
Ethyl cydopropyl ketone 
Propyl cydopropyl ketone 
Isopropyl cydopropyl ketone 
Butyl cydopropyl ketone 

Cydopropylearbinol from reduction of cydopropyl ketone. — 
Methylcydopropylearbinol 

Two other cydopropane hydrocarbons, spiropentane and 
the smallest of the dicyclic hydrocarbons, dicydopropyl, 
were prepared in the present investigation. Spiropentane 
was obtained from the debromination of pentaerythrityl 
tetrabromide, which was accomplished in a manner similar 
to that described by Hass and co-workers for preparing 
cydopropane (ref. 30): 
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The preparation of dicyclopropyl involved the photochemical 
chlorination of cyclopropane (ref. 31) and the reaction of one 
of the chlorination products, cyclopropyl chloride, with 
lithium in ether: 
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From the photochemical chlorination of cyclopropane, 
two other cyclopropyl chlorides were isolated, namely, 
1,1-dichlorocyclopropane and £rans-l,2-dichlorocyclo propane. 

Melting points, boiling points, refractive indices,' densities, 
and, in some instances, heats of combustion of the hydro- 
carbon and nonhydrocarbon derivatives of cyclopropane 
which were either prepared for the first time or isolated in a 
higher state of purity than heretofore were determined. The 
infrared spectra of the 34 cyclopropane compounds were also 
determined, and each of the spectra is presented herein. 
Some observations on the molecular refraction of cyclopro- 
pane compounds are included in the report. 

APPARATUS 

The Grignard reactions were carried out in either a 10- 
or a 30-gallon glass-lined reactor which was double-walled 
so that the reaction temperatures could be controlled by 
passing steam or cold or hot water between the inner and 
outer walls. The reactors were equipped with efficient 
motor-driven stirrers, high-capacity reflux condensers, and 
stainless steel tanks from which liquid reactants were fed by 
gravity into the reactors. 

The column used in dehydrating some of the cyclopropyl- ' 
carbinols consisted of a 2.5- by 90-centimeter pyrex tube 
which was filled with 8 to 14 mesh alumina and heated by 
resistance-element tube furnaces. Temperatures of the 
furnaces were controlled by manual adjustment of variable 
transformers between* the furnaces and the laboratory power 
supply. Column temperatures were read from an indicating 
potentiometer connected to thermocouples which were held 
’ in place against the outer walls of the pyrex dehydration 
tube by means of copper strips. A bellows-type pump was 
used to force the liquid carbinols into the top of the column; 
the vaporized products issuing from the bottom of the column 
were condensed by a water-cooled spiral condenser and 
collected in a flask at room temperature. The flask in turn 
was connected to a trap chilled with solid carbon dioxide 
and acetone, so that products volatile at room temperature 


could' also be collected. A sketch of the assembly is shown 
in figure 1. 


Pump 



The hydrogenation reactions were conducted in high- 
pressure steel autoclaves of 1-, 3.4-, and 4.4-liter capacities. 
The autoclaves were equipped with rocker-type shaking 
mechanisms, resistance heaters, thermocouples and potenti- 
ometers for determining reaction temperatures, and appro- 
priate valves, pressure gages, and high-pressure lines for 
introducing hydrogen into the vessels. 

Fractional distillation columns were used in the purification 
of intermediates and final products. For fractionations at 
reduced pressures, 2.5- by 180-centimeter pyrex columns, 
which were packed with % 6-inch single-turn glass helices, 
were used. Columns 2.2 by 180 centimeters, packed with 
%-inch single-turn glass helices, were used for fractionations 
of those intermediates which could be distilled at atmospheric 
pressure and for the initial fractionations of the hydrocarbons. 
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For final purification of the hydrocarbons, 2.5- by' 180 
centimeter Podbielniak columns, operated at efficiencies in 
excess of 150 theoretical plates, were employed. 

The ozonization apparatus, used in the identification of cy- 
clopropylalkenes, was similar to that described in reference 32. 
A 0.25 kilovolt-ampere transformer with an input of 120 
volts and an output of 25,000 volts was used to supply 
the necessary potential to the electrodes of the ozonizer 
tube. 

The apparatus for the photochemical chlorination of 
cyclopropane was essentially the same as that described in 
reference 31 except that the recycling system was eliminated. 
The reactor was constructed of 0.7-centimeter pyrex tubing 
which was bent to form a planar grid; total length of the 
tubing was 470 centimeters. The reactor was illuminated 
by two G. E. type-RS sun lamps placed directly in front of 
the grid and mounted so that their distance from the grid 
could be varied. The scrubbing towers for removing .the 
hydrogen chloride and the chlorine from, the reaction prod- 
ucts were constructed of 0.45- by 122-centimeter pyrex 
tubing and were packed with X-inch Berl saddles to increase 
the contact area. .The flowmeters in the system were used 
primarily to check the constancy of gas flows; quantities of 
reactants were measured by loss in weight of the gas cylinders. 
A sketch of the apparatus is shown in figure 2. 



The infrared spectrophotometer used in determining the 
infrared spectra of the hydrocarbon and nonhydrocarbon 
derivatives of cyclopropane was a Baird Associates double- 
beam recording spectrophotometer equipped with a sodium 
chloride prism. Liquid sample cells of 0.1-millimeter thick- 
ness were used, and the spectra of undiluted samples and 
also of samples diluted with either carbon tetrachloride or 
carbon disulfide were obtained. 

DISCUSSION OF SYNTHESES 

Descriptions of the syntheses have been generalized in the 
following discussion; for detailed descriptions of each syn- 


thesis, the reader is referred to the synthesis reports pre- 
viously published (refs. 33 to 39). 

ALKYLCYCLOPBOPYLCABBINOLS 

Methylcyclopropylcarbinol. — Five-mole quantities of 
methyl cyclopropyl ketone were reduced by four methods: 
(1) with sodium metal in 75-percent ethyl alcohol,' (2) with 
lithium aluminum hydride in ether, (3) with hydrogen in 
the presence of Raney nickel catalyst, and (4) with hydrogen 
in the presence of copper chromite catalyst. The reactions 
and products are summarized in the following table (ref. 33): 


Reducing agent 

Moles of 
reducing 
agent 

Reaction 
tempera- 
ture, °0 

Moles of 
ketone 
recovered 

Yield of 
carbinol, 
percent 

Ylold of 
pontonol-2, 
percent 

Na and aqueous alcohol 

LlAlHi 

14 

10-16 


42 

0 

2 

36-46 


76 

0 



90-125 

0.66 

34 

30 



100 


90 

0 



120 


87 

0 

Do.. 


160 

Nono 

70 

co. 10 




These data show that of the methods investigated, the hydro- 
genation of methyl cyclopropyl ketone in the presence of 
copper chromite catalyst was the most satisfactory for pre- 
paring methylcyclopropylcarbinol. The reduction with 
lithium aluminum hydride was also acceptable for preparing 
small quantities of the carbinol, although the yields were 
not so high as those obtained catalytically with copper 
chromite. Neither the reduction with sodium nor that with 
Raney nickel was satisfactory because of the low yields of 
carbinol obtained and also, in the latter method, because of 
the formation of a close-boiling impurity, pentanol-2. 

Methylalkylcyclopropylcarbinols. — The methylalkylcyclo- 
propylcarbinols were prepared in ether by the reaction of 
methyl cyclopropyl ketone with the Grignard roagents of 
appropriate alkyl halides. In general, the Grignard reagont 
was prepared (in 2 to 5 porcent excess) by adding the alkyl 
halide to a suspension of magnesium metal in ether, then 
adding the ketone to the Grignard reagent, and finally 
hydrolyzing the products of the reaction with saturated 
aqueous ammonium chloride solution. The quantities of 
reactants and the yields of the carbinols aro summarized in 
the following table: 


Alkyl halide 


Moles of 
ketone 


Cyclopropylcorblnol 


Methyl chloride . - 

Ethyl bromide 

Propyl bromide 

Butyl bromide 

Isopropyl bromldo 


160 

20 

150 

97 

120 


Dimethyl 

Methylethyl 

Methylpropyl 

Methylbutyl 

Methyllsopropyl, 


Yield, 

percent 


Reference 


64 

77 

61 

62 

61 


34 

34 

34 

34 

36 


Because no attempt was made to determine the reaction 
conditions necessary for optimum yields of the carbinols, 
any relations existing between yields of the carbinols and 
their structures could not be deduced. 

Halogenated impurities were found in all the carbinols. 
It has been suggested (ref. 28) that the use of an excess of 
ammonium chloride in the hydrolysis of the Grignard 
product is responsible for the halogenated impurities. 
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Although ammonium chloride may affect the extent of the 
side reaction which yields the halogenated impurities, a 
simple metathesis of the carbinols and the ammonium 
chloride does not appear to be the source of the impurities. 
For example, in the preparation of methylethylcyclopropyl- 






(a) Methyloyclopropylcarbinol. 

(b) DlmethyIoyck>pr6pylcarbinoL 
(o) Methylotbylcyclopropylcarbinol. 

(d) MethylpropylcyclopropylcarblnoL 
( 0 ) MethyllsopropylcydopropylcarblnoL 
(0 Methylbutylcyclopropylcarbinol. 

Figure 3.— Infrared spectra of cyclopropylcarbinols. Liquid phase; 0.1-milllmetor cell. 
Upper trace, dilated 1:10 with carbon tetrachloride; lower trace, undiluted. 


earbinol, the halogenated impurity was isolated and the 
elemental analysis of it corresponded not to a chloride, but 
to a bromide, CyHijBr. The infrared spectrum of the im- 
purity indicated the basic structure to be that of a type IV 
olefin (R,R , C=OHK ,/ ) rather than a cyclopropane deriva- 
tive. The impurity was presumed to be l-bromo-4-methyl- 
3-hexene; a similar structure was obtained when dimethyl- 
cyclopropylcarbinol was treated with hydrogen halide 
(ref. 40). The halogenated impurities were removed from 
the carbinols by refluxing them with alcoholic sodium hy- 
droxide, removing the precipitated sodium halide by extrac- 
tion with water, and fractionating the earbinol at reduced 
pressure. 

The physical properties 'of the cyclopropylcarbinols are 
compared in the following table with those properties 
previously reported: 


Cyclopropylcarbinol 



Melting 

point, 

° O 

Bolling 
point • 
° O' 


g/ml 

Reference 


— 3L04 

122.6 

L4316 

0.8SS6 

.8893 



—32.1 

123.6 

1.4316 

29 


(>) 

—43.0 

123.7 

L4336 

.8789 

34 

28 

34 

26 


123.4 

L4337 

.8842 

.8S07 


(•> 

142.3 

L 4412 

Literature 

143.4-143.8 

1.44163 

.88565 


o 

(776 mm) 
163.5 

L4433 

.8763 

34 

26 

Literature." - 

163.5-163.9 

1.44344 

.87721 


c) 

(761mm) 

183.7 

L4460 

.8735 

34 
26 

35 

Literature 

182-183 

L 44614 

.87447 

.8850 

Methyllsopropyl- 


(762 mm) 
160.3 

L4466 


* Projuiro, 760 mm Hg unless otherwise noted. 

t Equilibrium melting curves could not be obtained. 

• Formed glasses. 


The infrared spectra of the cyclopropylcarbinols are shown 
in figure 3 ; characteristic absorption for the hydroxyl group 
is observed between 2.8 and 3.0 microns and for the cyclo- 
propyl group, between 9.75 and 9.80 microns. 

CYCLOPBOPYLALKENES 

The cyclopropylalkenes were prepared by dehydrating the 
appropriate- alkyl- or methylalkycyclopropylcarbinols. Two 
methods of dehydrating the carbinols were investigated: 

Alumina. — The earbinol (in some cases, dissolved in tol- 
uene) was passed at a rate of 5 to 10 milliliters per minute 
through a 2.5- by 120-centimeter pyrex tube which was 
packed with 8 to 14 mesh alumina and heated to between 
200° and 300° C. A sketch of the apparatus is shown in 
figure 1. 

The yields of products and the reaction conditions for the 
dehydration of methylcyclopropylcarbinol are summarized 
in the following table (ref. 36) : 



Rate, 

ml 

min 

Yield of products, percent 

Column temper- 
ature, ° O 


Isoprene 

Vinyl- 

cyclo- 

propane 

1A-Pen- 

tadlenes 

2-MetbyJ- 

tetrahy- 

drofuran 


10 

58 

1 

62 

2 ‘ 

4 


10 


3 

54 

5 

4 


5 

6 

3 

38 

8 

3 

ilrfiii 





In each of these experiments the earbinol was dissolved in an 
approximately equal volume of toluene, and the solution 
was passed through the dehydration column. 
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It can be seen, from tbe data presented in the table tbat 
although, increasing the temperature from the range 265° to 
280° C to the range 285° to 300° C increased the yields of 
products to some extent, the change in rate of introducing 
the solution of earbinol into the dehydration column had a 
much greater effect on the yields of products. At the lower 
rate the yield of vinylcylopropane was significantly reduced, 
and the yields of other products except the tetrahydrofuran 
and isoprene were increased. The decomposition and isom- 
erization of vinylcyclopropane in the presence of alumina 
has not been investigated; therefore, it is not known whether 
the increase in the yields of propene and 1,3-pentadienes at 
the lower rate is caused by decomposition and isomerization 
of vinylcyclopropane or by isomerization of the methylcyclo- 
propylcarbinol and subsequent dehydration of the resultant 
earbinol. 

Several methylalkylcyclopropylcarbinols were also de- 
hydrated by passing the pure earbinol or, in the case of 
dimethylcyclopropylcarbinol, a toluene solution of the car- 
binol, over alumina at a rate of 5. milliliters per minute and 
at temperatures between 200° and 250° C. With the excep- 
tion of dimethylcyclopropylcarbinol, the dehydration of all 



the methylalkylcyclopropylcarbmols investigated gave mix- 
tures of 2-cyclopropyl-l- and 2-alkenes. Dimethylcyclo- 
propylcarbinol gave in addition to 2-cyclopropylpropene 
small amounts of methylpentadienes and 2,2-dimethyltetra- 
hydrofuran. The yields of 2-cyclopropylalkenes from each 
of the carbinols are given in the following table: 



Column 






Oydopropyl- 

carbinol 

temper- 

ature, 

°0 

O yd o propyl- 
1-alkene 

Yield, 

percent 

Oydopropyl- 

2-alkono 

Ylold, 

percent 

Refer- 

ence 

Dimethyl 

Methylethyl-.. 

200-250 

2-Oyclopropyl- 

propeno. 

2-Cydopropyl- 

1-butene. 

67 



34 

34 

200-250 

82 

2-Oyclopropyl- 

3-butono. 

47 

Methylpropyl- 

225-250 

2-Cyclopropyl- 

1-pontene. 

39 

2-Oydopropyl- 

2-pentene. 

38 

34 

Methylbutyl-- 

226-260 

2-Oydopropyl- 

1-hexene. 

41 

2-Oydopropyl- 

2-hexene. 

37 

34 

Methylisopro- 

pyl- 

200-250 

2-Cyclopropyl- 

3-methyl-l- 

64 _ 

2-Oyclopropyl- 

3-methyl-2- 

0 

36 



butene. 


butene. 




These data indicate that in general the, yields of the 
2-cyclopropyl-l-alkenes increase as the length of the alkyl 
chain increases, while the yields of the 2-cyclopropyl-2- 
alkenes decrease. The presence of branching at the carhon 
adjacent to the hydroxyl group also increases the yield of 
the 1-alkene and decreases the yield of the 2-alkene. 

Sulfuric acid. — In the dehydrations of the methylalkyl- 
cyclopropylcarbinols with concentrated sulfuric acid, 6 to 
10 moles of the earbinol with 0.4 to 0.8 milliliters of acid 
was heated to reflux in a flask attached to a 2.2- by 160- 
centimeter fractionating column which was packed with 
14-inch glass helices. The dehydration products were re- 
moved through a distilling head at the top of the column 
as they formed. The only products obtained by this 
method were the 2-cyclopropyl-l- and 2-alkenes. The 
quantities of reactants and the yields of products are sum- 
marized in the following table (ref. 34): 


Cyclopropyl- 

carbinol 

Car- 

binol, 

jnoles 

Acid, 

ml 

2-Oyclo- 

propyl- 

1-alkono 

Ylold, 

percent 

2-Oydo- 

propyl- 

2-olkono 

Yield, 

percent 


6 

8 

10 

10 

0.4 

.8 

.4 

.8 

-propono... 
-butene .. 
-pentene.. 
-hexene 

09 

23 

19 

21 

-butono 

-pentene. . 
-hoxono 

50 

60 

67 



From these data the length of the alkyl chain does not 
appear to have a significant effect on the yields of the 
2-eydopropyl-l- and 2-alkenes. 

A dependence of the yields of products on the method of 
dehydrating the methylalkylcyclopropylcarbinols is illus- 
trated by the distillation data presented in figure 4. In 
the case of dimethylcyclopropylcarbinol, the dehydration 
with sulfuric acid yielded only the 2-cycloprppylpropono, 
whereas the dehydration with alumina also gave small 
quantities of a product of higher refractive index (probably 
methylpentadienes) and a product of lower refractive index 
(2,2-dimethyltetrahydrofuran). In the case of the other 
carbinols, the dehydration with sulfuric acid did not give so 
large a proportion of the 2-cyclopropyl-l-alkene as did the 
dehydration with alumina. 
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Distillation data axe also presented for the products from 
the dehydration of methylcyclopropylcarbinol (fig. 5) and 
for the dehydration of methylisopropylcydopropylcarbinol 
(fig. 6) with alumina. From methylcyclopropylcarbinol, 
propene and isoprene were obtained at the beginning of 
the fractionation and 1,3-pentadienes and . 2-methyltetra- 
hydrofuran at the end of the fractionation. From methyiso- 
propylcyclopropylcarbinol, only the, 1-alkene (2-cyclopropyl- 
3-methyl-l-butene) and a high-boiling residue were obtained. 

"With the exception of 2-cyclopropylpropene and 2-cyclo- 
propyl-3-methyl-l -butene, the cydopropylalkenes were puri- 
fied by azeotropic fractionations with appropriate entrainers 
in the Podbielniak columns after preliminary fractionations 
at efficiencies of 50 to 60 theoretical plates. Azeotropic 
fractionation was found to be necessary in order to separate 
geometrical isomers and dose-boiling impurities from the 
cydopropylalkenes. In the following table pertinent phys- 
ical properties of the hydrocarbons, the entrainers, and the 
azeotropes axe given: 






Aico trope 

Oyclopropylnlkeno 

V k D 

En trainer 

n»D 

it**D 

Boiling 

point, 

°o 

Vinyloyclopropano 

1.4138 

Ethanol 

1-3614 

L4105 

39 

2-Oyddpropyl-l-butono 

1.4319 

do._ 

1.3614 

1. 3975 

73 

2-Cydoj>ropyl-2-butone 

2-Syolopropyl-2-butono 

1.4428 

do 

h 3014 

1. 3960 

75 

1.4474 

do 

L 3614 

L 3957 

76 

Oi. b.). 

2-OyfclopropyI-l-pent«no 

L 4362 

Propanol 

1.3864 

L 4030 

96 

2-OyoIopropyl-2-penteno 
2-^yelopropyl-2-penteno 
2-iyclopropyl-l-hoxono 

L 4468 

do — 

1.3854 

1.4029 

06 

1.4602 

- — 40 

L3854 

1.4023 

96 

1.4403 

Oellosolvo 

1.4079 

1.4216 

131 

2-Cydoj>ropyl-2-hexene 

2-Oyolopropyl-2-hcxcno 
(h. b.). 

1.4480 

do 

1.4079 

1.4239 

132 

L4629 

do — 

L4079 

1.4249 

132 



8 . 


Fioobe 5.— Distillation of products from dehydration of methylcyclopropylcarbinol over 
alumina at 285° to 280° O. 



Fiotoe 6. — Distillation of product* from dehydration of methyUjopropyl- 
cydopropylcarblnol over alumina. Distillate, 1120 gram*. 


The physical properties of the cydopropylalkenes are 
given in the following table. In those instances _ in which 
the compound has been previously reported, reference is 
made to the properties obtained by other investigators. 


Cyclopropylalkcno 

Melting 

point, 

°0 

Bolling 

point*, 

°o 


<p0 

E/ml 

Netheataf 

combus- 

tion, 

teal/ mole 

Vlnylcyclopropano 

-109.82 

40. 19 

1.4133 

a 72105 

720 

Ref. 29 

—112.0 

40.41 

L 4150 

.7160 


Ref. 21 


40.0-40.2 

1.4172 

.723(18°0) 




(755 mm) 

(16°0) 


2-Oyclopropylpropene— 
Ref. 28 

-102.34 

—102.36 

70.33 
70. 41 

1.4255 
L 4254 

.75153 

.7514 

876 

Ref. 20 


09.6-70.0 

L 42524 

.74990 




(751 mm) 




2-Cydopropyl-l-butene. 

•’-119.65 

98.57 

L 4319 

. 76S20 

1,025 


-121.94 







103. 5-103.8 

1. 43901 

.7772 



-07.83 

106.55 

L 4428 

.78100 

1,020 

a. d.j. 

2-Cyclopropyl-2-batene 

-74.07 

107.46 

L4474 

.78745 


Ref. 20.' 


105.5-106 

1.44253 

.7804 


2-Oyolopropyl-l- 

-113.87 

123.04 

1. 4302 

.77660 

1,165 

pentene. 






2-Oyclopropyl-2- 
pentene (L b.). 

-113.65 

128.61 

L445S 

.78402 

t 

1,165 

2-Oyclopropyl-2- 

-107. 61 

129.98 

1.4502 

.70077 



-106.16 

148.89 

L 4403 

.78447 

1,320 


Glass 

152.08 

1.4480 

.70051 


a.b.). 

3-Oydopropyl-2diexene 
(b. b.J. 

-97.40 

163.08 

L 4529 

.79666 

1,305 

2-OyclopropyW- 

metbyl-l-buteue 

-126.06 

116.81 

L 4337 

.77395 

1, 160 


•Pressure, 760 mm Hg unless otherwise stated. 
br Two crystalline modifications were observed. 


Melting point, 
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The estimated melting points for zero impurity, the 
depressions in melting points per mole percent of added 
impurity, and the calculated purities of some of the cyclo- 
propylalkenes are given in the following table: 


Hydrocarbon 

Observed 
melting 
point, °C 

Estimated * 
melting 
point for 
zero 

Impurity, 

°o 

Change In 

melting 
point per 
mole per- 
cent of 
added 
impurity, 
°C 

Calcu- 

lated 

purity, 

mole 

percent 


-109.82 

-102.34 

-119.65 

igl| 

*0.28 

o.25 

99.9 

99.9 

2*Cyclopropylpropeno-„ 


-97.83 
—74. 07 
— 113. 87 
-113.65 
-107. 61 
-128.06 
-106. 10 

-97.62 

-74.03 

—113.83 

-113.55 

—107.43 

-125.98 

-108.09 

— 



— 

— 





* Determined by the geometrical construction of reference 41. 

b Determined by adding known amounts of 1 -f ran j- 3- pen ta diene. 

• Value taken from reference 28. 


Although the purities of only the first two cydopropylalkenes 
were calculated, it is believed that the purities of the others 
listed in the table are better than 99 mole percent, because 
the differences in the estimated melting points for zero 
impurity and the observed melting points are small. The 
geometrical isomers of 2-cyclopropyl-2-hexene are not in- 
cluded in the table, because the lower-boiling isomer could 
not be crystallized and the melting curve of the higher- 
boiling isomer was not of sufficient duration to make a 
reliable estimate of the melting point for zero impurity. 

The infrared spectra of the cydopropylalkenes from 2 to 
16 microns are shown in figure 7. It can be seen that for 
those molecules having a terminal C=C, the absorption for 
the double-bond stretching frequencies occurs at 6.1 ±0.02 
microns; whereas for those molecules having an internal 
C=C, the absorption occurs at a lower wavdength, 6.02 ± 
0.02 microns. The intensity of the absorption is much 
greater for the terminal double bond than for the internal 
double bond. Characteristic absorption for the cydopropyl 
ring occurs at 9.78 microns in those molecules having a 
terminal double bond; in those molecules having an internal 
double bond the absorption for the cydopropyl ring occurs at 
a slightly higher wavdength, 9.81 microns. 

ALKYL CYCLOPROPYL KETONES 

The alkyl cydopropyl ketones were obtained as fragmenta- 
tion products from the ozonolysis of the 2-cyclopropyl-l- 
alkenes. The methods of ozonolysis and hydrogenation of 
the ozonide liave been described in reference 32. In general, 
the olefin was dissolved in 100 to 150 milliliters of absolute 
alcohol and an oxygen-ozone mixture containing from 5 to 10 
percent ozone was passed through the solution until all the 
olefin had been converted to ozonide. The ozonide solution 
was then tr ans ferred to a low-pressure hydrogenation 
apparatus, and the ozonide decomposed with hydrogen in the 
presence of a palladium catalyst to give the alkyl cydopropyl 
ketone and formaldehyde. The alkyl cydopropyl ketones 
were identified by their physical properties and by analysis of 
their 2, 4-dinitrophenylhydxazone derivatives. The quanti- 
ties of olefin used, the yields of the alkyl cydopropyl ketones, 


and the mdting points of the 2,4-dinitrophenylhydrazone 
derivatives are given in the following table: 


2-Cyclop ropyl-l-nlkene « 

Olefin, 

moles 

Alkyl oyclo- 
propyl ke- 
tone 

Yield, 

porcent 

Melting point 
of 2,4-dInitro- 
phcnylhydra- 
rono, b O 

Defer- 

ence 


0.3 

Methyl 

(b) 

148. 6-149. 2 

34 


.28 

EthyL 

is 

160. 4-160. 5 

34 


.48 


43 

165. 0-166. 5 

34 


.3 


75 

114.5-115.0 

34 


.3 

Isopropyl... 

42 

187.5-188.0 

35 


* The structures of the 2-cvclopropyl-2-olkenes were also proved by oronolysla; only those 
alkenes yielding cyclopropyl ketones are listed hero. 

b Paraformaldehyde sublimed at the boiling temperature of the ketone making It difficult to 
determine the yield of the ketone. 

The infrared spectra of the alkyl cydopropyl ketones are 
shown in figure 8. All show strong absorption at 5.9 microns, 
which is characteristic of the carbonyl group. With the 
exception of methyl cydopropyl ketone, all show character- 
istic absorption for the cydopropyl ring between 9.75 and 
9.80 microns; cydopropyl ring absorption in methyl cyclo- 
propyl ketone occurs at a lower wavelength, 9.69 microns. 

2-CYCLOPROPYLALKANES 

The 2-cyclopropylalkanes ivere prepared by hydrogenating 
the 2-cyclopropyl-l- and -2-alkenes in the presence of ft 
barium-promoted copper chromite catalyst. The 1-alkenes 
and 2-alkenes wore hydrogenated separately, because the 
position of the double bond was found to affect the ease of 
hydrogenation and the yidds of products. In general, the 
olefin, $n equal volume of ethanol, and a quantity of the 
catalyst equal to 10 percent of the weight of the olefin were 
put into the hydrogenator, and hydrogen was admitted to 
between 1500 and 1800 pounds per Bquaro inch gago. The 
hydrogenator rocking mechanism and the resistance heaters 
were turned on, 1 and [the vessel was heated to 100° C. The 
2-cydopropyl-l-alkenes hydrogenated readily at this tempera- 
ture, the heat of reaction generally raising the temperature to 
between 120° and 130° C. The 2-cyclopropyl-2-alkeneS 
hydrogenated sluggishly even at 130° C, and, in some 
instances, the reaction temperature was increased to as high 
as 175° C in order to obtain more rapid hydrogenation. The 
reaction conditions and the yields of products arc summar- 
ized in the following table: 


Olefin 

Reaotion condi- 
tions 

Estimated composition of products 


2-Oyclo- 

propylalkene 

Tem- 

Initial 
H, pres- 

2-OycIo- 

Weight, 


Weight, 

Ref- 

pera- 

sure. 

propyl- 

per- 

Methylalkano 

per- 

er- 

°0 

Ib/sq in. 
gage 

alkane 

cent 

cent 

once 

-propen o 

100-130 

1,500 

-propane... 

98 

2-Methyl- 

2 

37 

-1-butcno — 

100-130 

1,600 

-butane 

99 

pentano 

3-Mothyl- 

hexano 

do 

1 

37 ■ 

-2-bntene — 

110-130 

1,500 

do 

72 

» 15 

37 

-1-pen teno_— 

100-110 

1,500 

-pentane 

99 

4-Methyl- 

hejptano 

1 

37 

-2-penteno_,. 
-1-hexenb — 

120-130 

100-120 

1,750 


71 

a 17 

37 

ij 500 

Eg 

99 

4-Mo thy 1- 
octano 

1 

37 

-2-hexene ._ 

150-176 

1,500 

do 

79 

do 

*10 

37 

-3-methyl- 

1-bnteno 

100-140 

1,850 

-3-methyl- 

butano. 

99 


1 

35 


* Unhydrogenated olefin was found in the product from eaoh of tho 2-olkcnes. 


These data and the distillation curves shown in figure 9 
indicate that the hydrogenation of the 2-cyclopropyl-l- 
alkenes yields the corresponding 2-cyclopropylalkanes in 
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(a) Vlnyloydopropane. 

(b) 2-Oyclopropylpropene. 

(o) 2-Oyclopropyl-l-butone. 

(d) 2-Oyck.propyM-pcntene. 

(e) 2-Cydopropyl-l-bexene. 

(!) '2-OyclopropyI-3-methyH-batene. 


(g) 2-Oyclopropyl-2-batene, low boiling, 
(b) 2-Oyclopropyl-2-butene, blgb boiling. 
(I) 2-Cyclopropyl-2-pentene, low boiling; 
0) 2-Cyclopropyl-2-pentcno, high boiling, 
(t) 2-OyclopropyI-2-hexene, low boiling. ' 
0) 2-Cyclopropyl-2-beiene, high boiling. 


Fiopre 7.— Infrared spectra of oyclopropylaltcncs, Liquid phase; 0.1-mtlllmcter celL Upper trace, diluted 1:10 with carbon tetrachloride; lower trace, undiluted. 


purities between 98 and .99 percent, whereas the hydro- 
genation of the 2-cyclopropyl-2-alkenes yields also significant 
quantities of paraffinic hydrocarbons. The paraffinic hydro- 


of the paraffinic hydrocarbons would be obtained also from 
the hydrogenations of the 2-cyclopropyl-l-alkenes. The 
data support the proposal made in reference 28 that systems 


carbons do not appear to result from hydrogenolysis of the in which a cyclopropyl ring is conjugated with a double bond 

cyclopropyl ring, because if this were the case, larger amounts can add hydrogen by either a 1,2- or a 1,4-mechanism. 
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Purification of the 2-cyclopropylaIkanes was difficult in 
those experiments in which methylalkanes were formed, 
because the boiling points of the paraffinic hydrocarbons 
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Cydopropylalkane 


2-CyeIopropyllratane. . 


Entrainer n*> a 


1.4021 

2-Oydopropylpentane 1.4112 

2-Oydopropylhexane._ 1.4178 

2-OydopropyIhexane 1.4178 

2-Cyclo pro pyl-3-metbylbn tone 1.4140 


Asco trope 


Bolling 
n B i> point, 
”0 


1.3814 

1.3802 

70 

1.3864 

1.3973 

93 

1.4070 

1.4117 

129 

1.3992 

1.4066 

110 

1.3864 

1.3999 

92 
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Purifications of the 2-cydopropylalkanes were considered 
complete when (a) the melting curves of selected samples 
were interpreted to be indicative of purities of better than 

, , . , . 

Distillate o 2-Cyclopropyl- I -alkenes 

I (g) □ 2-Cyclopropyl-2-alHenes 

549 2-Cyclopropylpropene < 
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8 10 12 14 16 

Wavelength, microns 

(a) Methyl cydopropyl ketone, 

(b) Ethyl oyclopropyl ketone. 

(o) Propyl cydopropyl ketone. 

(d) Isopropyl cydopropyl ketone. 

• (e) Butyl cydopropyl ketone. 

Figure 8.— Inlrarod spectra of alkyl cydopropyl ketones. Liquid phase; 0.1-mHlkneter celL 
Upper trace, diluted 1:10 with carbon tetrachloride; lower trace, undiluted. 

were within 2° C of the corresponding cydopropylalkanes. 
Azeotropic fractionations with appropriate en trainers were 
found to be effective for separating the dose-boiling mixtures. 
Pertinent data for the azeotropic mixtures are given in the 
following table: 


2- Cyclopropylhexenes 


40 60 

Distillate, percent by weight 


FiaxraE 0. — Distillation of products from hydrogenations of 2-cycIopropylalkoncs, 

99 mole percent, or (b) repeated fractionations and azeo- 
tropic fractionations through columns rated at better than 
150 theoretical plates gave no significant changes in refractive 
index and density of the hydrocarbons. , 
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(a) 2-OyclopropyIpropane. 

(b) 2-Oydopropylbutano. 

(o) 2-Oydopropylpentane. 

(d) 2-Cyctopropylhexane. 

(o) 2-Cyclopropyl-3-mothylbntajie. 

Figure JO.— Infrared spectra of 2-cyclopropyIfllkanes. Liquid phase; O.l-miDlmeter ceD. 

Upper trace, diluted 1:10 with carbon tetrachloride; lower trace, undiluted. 

The physical properties of the 2-cyclopropylalkanes are 
presented in the following table; previously reported prop- 
erties are also referenced. 

Although the purities of only two of the 2-cyclopropylalkanes 
could be calculated, it is believed that the other three hydro- 
carbons are of similar purities. 

The infrared spectra of the 2-cyclopropylalkanes are 
shown in figure 10. All the spectra show characteristic 
cyclopropyl ring absorption at 9.82 microns. 


2-CycIo 

propyl- 

alkane 

Melting 

point, 

°0 

Melting 
point 
for zero 
impurity, 
°0 

Change 
In melt- 
ing 
point 
per 
mole 
percent 
of Im- 
purity, 
°0 

Esti- 

mated 

purity, 

mole 

percent 

Bon- 

ing 

point 

at 

760 

mrp 

n»» 

g/ml 

Not heat 
of com- 
bustion, 
koal/mole 


-112.97 

■ — 112. 93 

<>0.28 

99.9 

68.31 

L3886 

0.69S58 

900 

-118.3 

-116.24 

.20 

85 

58.7 

1.3S33 



Glass 

-118.48 

(•) 



9a 98 
117.74 

1.4024 

L4111 

.72830 

.74294 

.76438 

1,046 

1,200 

1,360 


-88.84 

‘-97.99 

4.20 

99.7 

142.96 

1.4178 

-3-methyl- 

butane 

Glass 




115.49 

L4140 

.76026 

1^200 


» Determined by geometrical method of reference 41. 
b Determined by adding known amounts of 2-mo thyipen tan e. 

® Melting curve was not of sufficient duration to make calculation valid. 
d Determined by adding known amounts of 4-methyloctano. 

CYCLOPROPYL CHLORIDES 

Cyclopropyl chloride, 1,1-dichlorocyclopropane, and trans- 
1,2-dichlorocyclopropane were isolated from the reaction 
products of the photochemical chlorination of cyclopropane. 
A sketch of the photochlorination apparatus is shown in 
figure 2. In a typical reaction the source of illuminatiop 
(two sun lamps) was placed 11.5 centimeters from the 
reaction chamber and the cyclopropane was passed through 
the reaction chamber at a rate of about 0.12 mole per minute. 
Chlorine was then added at a rate of about 0.046 mole per 
minute. The gases were passed through the reaction 
chamber simultaneously for 6 hours, and at the end of this 
period the amount of cyclopropane used was 44.4 moles 
(1866 g), and the amount of chlorine 16.2 moles (1148 g). 
The excess cyclopropane was distilled from the products, 
and the products were then combined with the products 
from eleven similar chlorination experiments. Distillation 
of the combined products gave the data plotted in figure 11. 



Figure 11. — Distillation of products from photocblorination of cyclopropane. 
Total distillate, 8155 grams; residue, 616 grams. 
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From, these data and subsequent fractional distillation data, 
the following composition of the chlorination products was 
estimated: 52 weight percent cyclopropyl chloride, 24 weight 
percent 1,1-dichlorocyclopropane, 2 weight percent tram- 1,2- 
dichlorocyclopropane, 2 weight percent of a compound 
believed from its physical properties to be 1,1,3-trichloro- 
propane, and 20 weight percent of a complex mixture of poly- 
halides which could not he separated by fractional distilla- 
tion. 

The cyclopropyl halides were purified by refractionation 
at efficiencies of 50 to 60 theoretical plates. The physical 
properties of the purified halides are compared in the follow- 
ing table with those values previously reported: 


Cyclopropyl halide 

Melting 
point, °0 

Boding 
point at 
760 mm 
Hg, °C 


g/ml 


*-67. 6S 

43.43 

L410S 

0.9962 


43 

b 1.4079 

b .9899 


•-37.47 

75.66 

1. 4400 

1.2168 


76.0 

b 1.4377 

b 1.2178 


—18. 74 

$7.94 

1.4620 

L245Q 

(ref. 43) 

-19.6 

87.2 

b 1.4602 

b 1.2492 



» Freoilne point. °C. 
b At 25° C. 


The infrared spectra of the three chlorinated cyclopropanes 
are shown in figure 12; the absorption band characteristic of 




. (a) Cyclopropyl chloride. 

(b) 1,1-Dlchlorocyclopropane. 

(c) (ra?w-l,2-DlcUorooyclo pro pane. 

Fioube 12.— Infrared spectra o! cyclopropyl chlorides. Liquid phase; 0 . 1 -mIHlmeter cell. 
Upper trace, diluted 1;10 with carbon disulfide; lower trace, undiluted. 

the cyclopropyl ring is seen to shift from 9.73 microns 
(cyclopropyl chloride) to 9.66 microns (1,1-dichlorocyclo- 
propane) as the number of chlorine atoms is increased. The 
absorption shifts to even lower frequency when the two 


chlorine atoms are on different carbon atoms (9.58 microns 
in tram-1 ,2-dichlorocyclopropane) . 

DICYCLOPBOPYL 

The reaction of cyclopropyl chloride with lithium or 
sodium was used to prepare dicyclopropyl. The reaction 
was tried with lithium both in methylcyclohexane and in 
ether, and with sodium in ether. In general, the cliloridc 
was dissolved in the reaction solvent and added to a suspen- 
sion of the metal in the solvent contained in a flask equipped 
with a stirrer; a reflux condenser, and an addition funnel. 
All reactions were carried out at 25° to 35° 0. Other 
reaction conditions and yields of products are summarized 
in the following table (ref. 38): 


Chlo- 

ride, 

moles 

AUraH metal 

Metal, 

gram- 

atoms 

Solvent 

Reac- 

tion 

time, 

day« 

Yields of products, 
porcent 

Oyolo- 

propano 

Dloyolo- 

propyl 

' 2 


2 

Ether. 

6 

40 

10 

- 20 

Lithium. 

20 



42 

12 

4 


4 

Methylcyclohexane . 

7 

None 

Mono 


These data indicate that the reaction with sodium or lithium 
in ether gives approximately the same yields of the two 
products listed in the table. The fad that no reaction was 
obtained in methylcyclohexane solution clearly indicates 
that the solvent in some manner influences the course of the 
reaction. 

Although cyclopropane and dicyclopropyl were the prin- 
cipal reaction products, trace quantities of two other hydro- 
carbons were detected in the crude reaction product by 
means of infrared spectra. The infrared evidence indicated 
that one of these hydrocarbons was 1-hexyne; the other was 
not identified. 

Picyclopropyl was purified by extracting the hydrocarbon 
with an ice-cold saturated solution of silver nitrate to remove 
the unsaturated impurities, passing the extracted hydro- 
carbon through, silica gel, and, finally, azeotropically frac- 
tionating the hydrocarbon with ethanol through a Podbiel- 
niak column. The purified hydrocarbon had the following 


physical properties: 

Melting point, °C _ — 82. 02 

Boiling point at 760 mm Hg, °C 70. 10 

Refraotive index, n w D 1. 4280 

Density, g/ml ■ 0.78070 

Net beat of combustion, kcal/mole . - 886 


The infrared spectrum of dicyclopropyl, shown in figure 
13, has a strong absorption band at 9.82 microns, which is 
characteristic of the cyclopropyl ring. 



Figure 13. — Infrared spectrum of dioydopropyL Liquid phase; 0.1-milllmotor coll. 
Upper trace dilated 1:10 with carbon tetrachloride; lower trace, undiluted. 
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SPIROPENTANE 

Spiropentane was prepared by the debromination . of 
pentaerythrityl tetrabromide (ref. 44) with zinc dust in the 
presence of sodium carbonate and sodium iodide. The re- 
action was conducted by adding small portions of the pow- 
dered tetrabromide to a slurry of the zinc dust, sodium car- 
bonate, and sodium iodide either in molten acetamide or in 
76 percent ethanol (ref. 39). The hydrocarbon product was 
distilled from the reaction mixture as it formed, and was col- 
lected in receivers chilled with a mixture of solid carbon 
dioxide and acetone. In addition to spiropentane, two other 
hydrocarbons were obtained from the reaction, namely, 
methylenecyclobutane and 2-methyl-l-buten'e. Some typi- 
cal experiments are summarized in the following table 
(ref. 39): 


Solvent 

Reactants, moles 

Yields of products, percent 

Penta- 
erythri- 
tyl tetra- 
bromldo 

Zinc 

Sodium 

carbon- 

ate 

8odium 

Iodide 

Spiro- 

pen- 

tane 

Methyl- 

enccyclo- 

bntane 

2-Methyl- 

1-butono 


5 

20 

5 

0.83 

21 

43 

12 

Do 

5 

20 

5 

.83 

22 

44 

12 

Acetamide 

1 

a 

1.2 

.16 

22 

4 

11 


These data indicate that the reduction in either solvent gives 
nearly identical yields of spiropentane, but that the reduction 
in ethanol gives ten times the quantity of methylenecyclo- 
butane as the reduction in acetamide. For preparations of 
sufficient size so that precise fractional distillations can be 
employed to separate the products, reduction in ethanol is 
the preferable method, especially if methylenecyclobutane 
as well as spiropentane is desired. For small preparations of 
spiropentane, the reduction in acetamide may be more suit- 
able (ref. 46). 

The physical properties of spiropentane are given in the 
following table with those values previously obtained: 



Freexlne 
point, °C 

Bolling point’ 



Hydrocarbon 

Tempera- 
ture, °0 

Pressure, 
mm Hg 

n 

tf», g/ml 

Spiropentane 

Ref. 45 

-107.05 

38.84 

760 

1.41 22 

0. 7551 


38.3-38.6 

760 

1.4117 

.756 


The infrared spectrum of spiropentane is shown in figure 
14. The absorption band characteristic of the cyclopropyl 
ring is located at 9.64 microns, a shorter wavelength than in 



Figure 14.— Infrared spectrum of spiropentane. Liquid phase; 0. l-mllllmeter cell. 
Upper trace, diluted 1:10 with carbon tetrachloride; lower trace, undiluted. 


any of the other compounds prepared in the present in- 
vestigation. Such a shift in the absorption is not entirely 
unexpected, because the force constants in the spiro structure 
would be different from those in the other cyclopropanes. 

DIETHYL CYCLOPROPANE-l.l-DICARBOXYLATE 

The diethyl cyclopropane-1, l-dicarboxylate was prepared 
by the method of reference 46 in which a solution of sodium 
ethoxide, obtained by dissolving 365 grams (16.5 g-atoms) 
of sodium metal in 5500 millili ters of absolute ethanol, was 
added dropwise to a mixture of 1275 grams (8 moles) of 
ethyl malonate and 1550 grams (7.2 moles) of ethylene, 
bromide. The products of the reaction were distilled at 10 
millimeters of mercury pressure, and the material boiling 
between 80° and 120° C was collected for subsequent frac- 
tionation at about 50 theoretical plate efficiency at atmos- 
pheric pressure. The yield of diethyl cydopropane-1,1- 
dicarboxylate was 495 grams (33 percent). Several frac- 
tions of constant refractive index were combined and passed 
through silica gel in order to obtain the sample used for the 
determination of physical properties and infrared spectrum. 
-The physical properties are compared in the following table 
with values previously reported: 



Melting 
point, °0 

Boiling point 

n»„ 

<P°, g/ml 

Tempera- 
ture, °C 

Pressure, 
mm Hg 

Diethyl oyclopropano-l,l- 
dXcarboxylato. 

Ref. 47- 

-47.05 

217.4 

114 

760 

22 

L4340 

1.43310 

1.0595 

1.0615 


The infrared spectrum of diethyl cydopropane-1,1- 
dicarboxylate is shown in figure 15; strong absorption is 



Figure 15. — Infrared spectrum of dlethyloydopropane-l,l-dlcarboxylate. Liquid phase; 
0.1-mlUimeter cell. Upper trace, diluted 1:10 with carbon tetrachloride; lower trace, 
undiluted. 


observed at 5.8 microns, the region in which carbonyl groups 
absorb strongly, and also at 9.70 microns. The 9.70-micron 
band is undoubtedly thatband characteristic of the cydopropyl 
ring. 

INFRARED ABSORPTION CHARACTERISTIC OF 
CYCLOPROPYL RING 

The difficulty in establishing the presence of the cyclo- 
propyl ring in organic molecules by chemical means has 
promoted interest in identifying the presence of the ring by 
infrared techniques. Infrared absorption bands in three 
regions of the spectrum have been proposed to offer a means 
of identifying the cydopropyl ring. In reference 4 bands at 
9.75 and 11.55 microns were employed. The authors of 
reference 48 found that in the spectra of 14 cyclopropane 
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hydrocarbons a strong band was present between 9.8 and 
10.0 microns, but that strong absorption did not occur con- 
sistently at 11.6 microns. It was reported recently in refer- 
ence 49 that a study of the 3- to 4-micron region with a lithium 
fluoride prism disclosed that all the cyclopropane derivatives 
investigated had absorption bands at 3.23 and 3.32 microns 
which were characteristic of the C-H vibrations of the cyclo- 
propyl ring system. 

The infrared spectra of the 34 cyclopropane derivatives 
reported herein have been examined in each of the three 
regions proposed previously. Unfortunately, a critical 
' examination of the 3- to 4-micron region could not be made 
in the present work, because" the sodium chloride prism, em- 
ployed in determining the spectra, does not give sufficient 
resolution to separate both the 3.23- and 3.32-micron cyclo- 
propyl ring C-H bands from other carbon-hydrogen bands 
in this region. An examination of the spectra of the diluted 
samples does disclose that many of the cyclopropane deriva- 
tives have bands at 3.23±0.02 microns and at 3.33 ±0.02 
microns. In compounds such as vinylcyclopropane, dicydo- 
propyl, cyclopropyl chloride, and spiropentane, in which 
there is little interference from carbon-hydrogen bands other 
than those of the ring, the 3.23- and 3.32-micron bands show 
up clearly (table I). 

Nearly all the cyclopropane derivatives show strong 
absorption between 11 and 12 microns; however, the posi- 
tion of the absorption which might be characteristic of the 
cyclopropyl ring is difficult to determine because of the 
broadness of the absorption. Interfering absorption from 
certain olefinic structures also occurs in this region. 

The absorption which appears to be most promising for 
determining the presence of the cyclopropyl ring is that used 
in reference 48. In the spectra of all the cyclopropane 
compounds prepared in the present investigation, a strong 
band was observed at 9.7 to 9.8 microns (table II). In 
only a few instances was the band shifted appreciably from 
this region,- and in these instances, for example, in spiro- 
pentane and in tran.s-1 ,2-dichlorocyclopropane, the shift 
jn absorption is not entirely unexpected. Not only is the 
absorption strong in the undiluted spectra, but it is per- 
sistent also upon dilution. 

MOLECULAR REFRACTION OF CYCLOPROPANE 
DERIVATIVES 

The experimentally observed molecular refractions of 
cyclopropane compounds are generally higher than those 
calculated from the atomic and group refractivities. This 
difference in observed and calculated values was interpreted 
by Tschugaeff (ref. 50) to result from a contribution to the 
refraction by the three-carbon ring structure. From a 
comparison of observed and calculated refractions of three 
cyclopropane derivatives and several bicydic terpenes 
which had three-carbon rings in their structures, Tschugaeff 
estimated the magnitude of the ring contribution to be 
about 0.7. A more comprehensive investigation by Ostling 
(ref. 51) yielded' a value which agreed well with that of 
reference 50. Subsequent investigations, however, showed 
that the difference between observed and calculated molec- 


ular refractions varied considerably among different classes, 
of cyclopropane derivatives and even among members of the 
same class (refs. 26, 27, and 52). Data obtained in the 
present work (table HI) also showed this variation in A Mr. 

. The lack of agreement among the A M R values from variou. 
classes of cyclopropane derivatives and even among member, 
of an homologous series is not surprising. It must bt 
assumed in determining ring contribution by this procedure 
that the atomic and group refractivities are truly constant 
and additive. Atomic and group refractivities, however 
are constant and additive only within limitations (rof. 53) 
and as the character of the atoms or groups in the struoturc 
is varied, the atomic and group refractivities also vary 
Consequently, A M R reflects not only ring contribution, but 
also deviations from constancy of the atomic and group 
refractivities used to determine the calculated moleculai 
refractions. 

In a recent investigation, Jeffery and Yogol (ref. 47) em- 
ployed a procedure for determining ring contribution that 
reduces the effect of inconstancy of atomic and group 
refractivities. The observed molecular refraction of a 
structurally similar acyclic compound is subtracted from the 
sum of the observed molecular refraction of the cyclo- 
propane compound and two hydrogen atomic refractivities: 


CH a R' 

+ 2H— 

CH, \t" 


CH, R 
CH, \t 


= Ring contribution 


From data obtained principally with alkyl cyclopropane 
mono- and dicarboxylates, the ring contribution to the 
molecular refraction was calculated to be 0.614 (ref. 47). 

Yogel’s procedure has been used in the present work tc 
determine the ring contribution in the cyclopropylalkanes and 
in some of the cyclopropylalkenes (table IV) . A nearly con- 
stant value for ring contribution among the cyclopropyl- 
alkanes is obtained by this procedure in contrast to the 
inconstant A M R in table HI for the same compounds. Al- 
though Vogel’s procedure minimizes the effect of environment 
on the atomic refractivities of carbon and hydrogen, the dis- 
crepancy between the ring contribution obtained with. the 
cyclopropylalkanes and that obtained with the cyclopropane 
carboxylates, 0.44 and 0.614, respectively, indicates that 
the nature of the_ ring substituents also influences the ring 
contribution. "While it may be said that the compound, 
used by Vogel are capable of conjugation between the cyclo- 
propyl ring and the carbonyl double bond, and that the 
value 0.614 includes exaltation due to conjugation, never- 
theless, environmental factors influence the combined offocts 
of ring contribution and conjugation as indicated by the 
data in table IV for the cyclopropylalkenes, mothyl cyclo- 
propyl ketone, and diethyl cyclopropane-1, 1-dicarboxylato. 

Because of the varying influence of the substituent group, 
on the cyclopropyl ring, it is doubtful that any of the pro- 
posed values will adequately express for all structures the 
contribution of the cyclopropyl ring to the molecular refrac- 
tion. The calculation 6f molecular refraction of cyclopro- 
pane derivatives can, therefore, at best give only an approxi- 
mation of the observed refraction. 
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CONCLUDING REMARKS 

The methods of synthesizing and purifying 34 hydrocarbon 
and nonhydroearbon derivatives of cyclopropane were dis- 
cussed, and the physical properties and the infrared spectra 
of each of the compounds were presented. 

It was found that a series of cyclopropylaikenes could be 
prepared by dehydrating appropriate alkyl- or methylalkyl- 
cyclopropylcarbinols, either with concentrated sulfuric acid 
or with alumina at temperatures between 200° and 300° C. 
Furthermore, in the presence of a barium-promoted copper 
chromite catalyst, the cyclopropylaikenes were catalytically 
hydrogenated to the corresponding cyclopropylalkanes. 
The position of the double bond was found to greatly influ- 
ence both the ease of hydrogenation and the yield of products. 
The cyclopropyl-l-alkenes hydrogenated readily at 100° C 
to give the corresponding cyclopropylalkane and only 1 to 2 
percent of paraffinic product, whereas the cyclopropyl-2- 
alkenes hydrogenated sluggishly even at higher temperatures 
to give 15 to 17 percent of paraffinic product in addition to 
the cyclopropylalkanes. In the hydrogenation experiments, 
additional evidence was found to support the proposal that 
conjugated cyclopropylaikenes can add hydrogen by both a 
1,2- and a 1,4-mechanism. 

Dicyclopropyl, the smallest of the dicyclic hydrocarbons, 
was prepared for the first time. Spiropentane, the smallest 
of the spiro hydrocarbons, was also prepared. 

Infrared absorption bands characteristic of the cyclo- 
propyl ring were discussed, and some observations were made 
on the contribution of the cyclopropyl ring to the molecular 
refractions of cyclopropane derivatives. 

Lewis Flight Propulsion Laboratory 

National Advisory Committee for Aeronautics ‘ 
Cleveland, Ohio, August 15, 1962 

REFERENCES 

1. Gustavson, G.: Ueber eine- neue Darstellungsmethode des 

Trimethylens. Jour. f. Prakt. Chem., Bd. 36, 1887, pp. 300-303. 

2. Gustavson, G., and Popper, O.: Ueber Dimethyl-1, 1-trimethylen. 

Jour. f. Prakt. Chem., Bd. 68, 1898, pp. 468-461. 

3. Lespieau, R., et Wakeman, Reginald L.: Sur quelques carbures 

cyclopropaniques, et lea modes g6n6raux de preparation de ces 
carbures. Bull. Soo. Chim. de France, voL 61, 1932, p. 384. 

4. Bartleson, John D., Burk, Robert. E., and Lankelman, Herman B.: 

The Preparation . and Identification of Alkylcyclopropanes : 
1,1,2-TrimethyloycIopropane and l,2-Dimethyl-3-ethyloyclopro- 
pane. Jour. Am. Chem. Soc., voL 68, no. 12, Dec. 1946, pp. 
2613-2618. 

6. Shortridge, R. W., et. al.: The Synthesis of Some Cyclopropane 
and Spirane Hydrocarbons. Jour. Am. Chem. Soc., voL 70, 
no. 3, March 1948, pp. 946-949. 

6. Kelso, Robert G., Greenlee, Kenneth W., Derfer, John M., and 

Boord, Cecil E.: The Synthesis and Properties of 1,1,2- 
Trimethylcyclopropane. Jour. Am. Chem. Soc., vol. 74, np.-2, 
Jan. 20, 1962, pp. 287-292. 

7. Gragson, J., Greenlee, Kenneth W., Derfer, John M., and Boord, 

Cecil B.: Synthesis of Methylene Cyclopropane. (To be pub- 
lished in Jour. Am. Chem. Soc.) 

8. Kizhner, N.: Decomposition of Pyrazoline Bases as a Method of 

Obtaining Cyclopropane Derivatives. Chem. Abstracts, voL 
6, no. 11, June 10, 1912, pp. 1431-1432. (Jour. Russ. Phys. 
Chem. Soc., vol. 44, 1912, pp. 166-180.) 

9. Kizhner, N.: Decomposition of Pyrazoline Bases as a Method of 

Obtaining Cyclopropane Derivatives — X X XVll. Chem. Ab- 


stracts, vol. 6, no._20, Oct. 20, .1912, p. 2915. - (Jour. Russ* 
Phys. Chem. Soc., voL 44, 1912, pp. 849-865.) 

10. Kizhner, N. : Decomposition of Pyrazoline Bases. Conversion of 

Cinnamic Aldehyde .into Phenylcyclopropane. Chem. Ab- 
stracts, voL 7, no. 23, Deo. 10, 1913. (Jour. Russ. Phys. Chem. 
Soc., voL 45, 1913, pp. 949-957.)' • 

11. Davidson, David, and Feldman, Julian: The Action of Sulfuric 

Acid on l-Phenyl-2-alkylcyclopropanes. Jour. Am. Chem. 
Soo., voL 66, no. 3, March 1944, pp. 488-489. 

12. Whitmore, Frank C., Popkin, A. H., Bernstein, Herbert I., and 

Wilkins, John P.: The Co mm on Basis of Intramolecular 
Rearrangements. VII. Inapplicability of a Free Radical 
Mechanism. Formation of 1,1-Dimethyloydopropane and 
Neopentane by the Action of Sodium on Neopentyl Chloride. 
Relation to the Mechanism of the Wurtz Reation. Jour. Am. 
Chem. Soo., voL 63, no. 1, Jan. 1941, pp. 124-127. 

13. Whitmore, Frank C., and' Carney, Thomas P.: The Common Basis 

of Intramolecular Rearrangements. VIII. The Formation of 
Cyclopropanes from Monohalides and Sodium. II. The 
Formation of 1,1,2-Trimethylcyclopropane from l-Chloro-2,2- 
dimethylbutane. Jour. Am. Chem. Soo., vol. 63, no. 10, Oot. 
1941, pp. 2633-2635. 

14. Whitmore, Frank C., and Zook, Harry D.: The Formation of 

Cyclopropanes from Monohalides. III. Aotion of Sodium 
- Alkyls on Aliphatic Chlorides. Relation to the Wurtz Reaction. 
Jour. Am. Chem. Soc., voL 64, no. 8, Aug. 1942, pp. 1783-1786. 

15. Whitmore, Frank C., Weisgerber, Cyrus A., and Shabica, A. C., Jr.: 

Formation of Cyclopropanes from Monohalides. IV. Some 
Reactions of l-Chloro-2-methyl-2-phenylpropane (Neophy 
Chloride). Jour. Am. Chem. Soc., vol. 65, no. 8, Aug. 1943, 
pp. 1469-1471. 

16. Alexejew, A.: Jour. Russ. Phys. Chem. Soc., vol. 37, 1905, p. 37. 

17. Zelinsky, N.: Sprengung des Trimethylenringes bei der kataly- 

tischen Reduktioh. Ber. D. Chem. GeselL, Bd. XL, -1907, 
pp. 4743-4744. 

18. Bruylants, Pierre: Contribution A l’Stude de composes cycliques 

trim6thyl6niques du type 



Rec. des Travaux Chim. des Pays-Bas et Belgique, T. XNVlil, 
1909, pp. 180-239. 

19. Kizhner, N., and Klavikordox, V.: Transformations of Cyclo- 

propyldimethylcarbinol. Chem. Abstracts, vol. 6, no. 3, Feb. 
10, 1912, pp. 347-348. (Jour. Russ. Phys. Chem. Soc., vol. 43, 
1911, pp. 596-608.) 

20. van Keersbilck, N.: Contribution Al’dtude des composes cyclopro- 

paniques. Bull. Soc. C him . Belgique, T. 38, 1929, pp. 205-211. 

21. Demjanow, N. J., und Dojarenko, Marie: fiber Vinylcyclopropan, 

einige Derivate des methyl-cyclopropyl-carbinols und die Iso- 
merisation des Cyclopropane-Ringes. Ber. D. Chem. Gosell., 
Abt. B, Bd. LV, 1922, pp. 2718-2727. 

22. Schlatter, Maurice J.: The Preparation of Cydopropene. Jour. 

Am. Chem. Soc., vol. 63, no. 6, June 1941, pp. 1733—1737. 

23. Kizhner, N.: Action of Hydrazine Hydrate on Thujono. Chem. 

Abstracts, vol. 6, no. 1, Jan. 10, 1912, p. 84. (Jour. Russ. 
Phys. Chem. Soo., vol. 42, 1910, pp. 1198-1204.) 

24. Filipov, 0.: Structure of Gustavson’s Hydrocarbons Obtained 

from PentaerythritoL Chem. Abstracts, vol. 9, no. 14, July 20, 
1915, pp. 1904-1906. (Jour. Russ. Phys. Chem. Soc., vol. 46, 
1914, pp. 1141-1199.) 

25. Herr, C. H., Whitmore, Frank C., and Schiessler, Robert W.: 

The Wolf-Kishner Reaction at Atmospheric Pressure. Jour. 
Am. Chem. Soc., vol. 67, no. 12, Dec. 1945, pp. 2061—2063. 

26. Bruylants, P.: Contribution A l’6tude des compos 6s cycliques tri- 

mfithyldniques. Bull. Soc. Chim. Belg., T. 36, No. 1, Jan. 1927, 
pp. 153-164. 

27. Henry, Josse: Contribution A l’dtude des derives cyclopropaniques. 

Bull. Soc. Chim. Belg., T. 40, 1931, pp. 647-656. 



REPORT 1112 — NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 


96 

28. Van Volkenburgh, Ross, Greenlee, K. IV., Derfer, J. M., and 

Boord, C. E.: The Synthesis of Some Cyclopropane Hydro- 
carbons from Methyl Cyclopropyl Ketone. Jour. Am. Chem. 
Soc., vol. 71, no. 1, Jan. 1949, pp. 172-175. 

29. Van Volkenburgh, Ross, Greenlee, K. W., Derfer, J. M., and Boord, 

C. E.: A Synthesis of Vinylcydopropane. Jour. Am. Chem. 
Soc., vol. 71, no. 11, Nov. 1949, pp. 3595-3597. 

30. Hass, H. B., McBee, E. T., Hinds, G. E., and Gluesenkamp, E. W.: 

Synthesis of Cyclopropane. Ind. and Eng. Chem., vol. 28, no. 
10, Oct. 1936, pp. 1178-1181. 

31. Roberts, John D., and Dirstine, Philip H.: Cyclopropane Deriva- 

tives. I. Studies of the Photochemical and Thermal Chlorina- . 
tion of Cyclopropane. Jour. Am. Chem. Soc., vol. 67, no. 8, 
Aug. 1945, pp. 1281-1283. 

32. Henne, Albert L., and Perilstein, Warren L.: The Preparation of 

Aldehydes and Ketones by Ozone Oxidation. Jour. Am. Chem. 
Soc., vol. 65, no. 11, Nov. 1943, pp. 2183-2185. 

33. Slabey, Vernon A., and Wise, Paul H.: The Reduction of Methyl 

Cyclopropyl Ketone to MethylcyclopropylcarbinoL Jour. Am. 
Chem. Soc., voL 71, no. 9, Sept. 1949, pp. 3252-3253. 

34. Slabey, Vernon A., and Wise, Paul H.: The Dehydration of 

Methylalkylcyclopropylcarbinols. Isolation and Purification of' 

2- Cyclopropylalkenes. Jour. Am. Chem. Soc., voL 74, no. 6, 
March 20, 1952, pp. 1473-1476. 

35. Slabey, Vernon A.: Synthesis and Purification of 2-Cyclopropyl- 

3- methyl-l-butene and 2-Cyclopropyl-3-methylbutane. Jour. 
Am. Chem. Soc., voL 74, no. 19, Oct. 5, 1952, pp. 4963-4964. 

36. Slabey, Vernon A. : Dehydration of Methyloyclopropylcarbinol 

over Alumina. A Synthesis of Vinylcydopropane. Jour. Am. 
Chem. Soc., voL 74, no. 19, Oct. 5, 1952, pp. 4930-4932. 

37. Slabey, Vernon A., and Wise, Paul H.: Hydrogenation of 2- 

Cyclopropyl-1- and -2-Alkenes. Isolation and Purification of 
2-Cydopropylalkanes. Jour. Am. Chem. Soc., voL 74, no. 15, 
Aug. 5, 1952, pp. 3887-3889. 

38. Slabey, Vernon A.: Reaction of Cyclopropyl Chloride with 

Lithium. Isolation of DicydopropyL Jour. Am, Chem. Soc.i 
vol. 74, no. 19, Oct. 5,' 1952, pp. 4928-4930. 

39. Slabey, Vernon A.: The Synthesis of Methyleneoydobutane, 

Spiropentane, and 2-Methyl-l-butene from Pentaerythrityl 
Tetrabromide. NACA TN 1023, 1946. 

40. Bruylants, P., et Dewael, A.: Contribution A I’^thdes compos6s 

cydopropaniques. Bull. ScL Acad. Roy. Belg., T. 14, 1928, pp. 
140-153. 

41. Taylor, William J., and Rossini, Frederick D.: Theoretical Analy- 

sis of Certain Time-Temperature Freezing and Melting Curves 
as Applied to Hydrocarbons. Jour. Res. Nat. Bur. Standards, 
voL 32, no. 6, May 1944, pp. 197-213. 

42. Rogers, Max. T., and Roberts, John D.: Cyclopropane Deriva- 

tives. II. The Electric Moments of Some Alicydic Compounds. 
Jour. Am, Chem. Soc., vol. 68, no. 5, May 1946, pp. 843-846. 


,43. Stevens, Philip G.: Some New Cyclopropanes with a Note on the 
Exterior Valence Angles of Cyclopropane. Jour. Am. Ohoni. 
Soc., vol. 68, no. 4, April 1946, pp. 620-822. 

44. Anon.: Pentaerythrityl Bromide and Iodide [Methane, Tetrakts 

(bromomethyl)- and (iodomethyl)-]. Collective vol. II of Or- 
ganic Syntheses, A, H. Blatt, ed., John Wiley and Sons, Ino., rov. 
ed. (Annual vols. X-XIX), 1943, pp. 476—478. 

45. Murray, M. J., and Stevenson, Eugene H.: The Dobrominatlon 

of Pentaerythrityl Bromide by Zinc Isolation of Spiropentane. 
Jour. Am. Chem. Soc., vol. 66, no. 5, May 1944, pp. 812-816. 

46. Dox, Arthur W., and Yoder, Lester: Spiro-pyrimldlnes. III. 

Condensation of Cyclopropane-1, 1-dicarboxylio Ester with Ureas. 
Jour. Am. Chem. Soc., voL 43, no. 9, Sept. 1921, pp. 2097-2101. 

47. Jeffery, George H., and Vogel, Arthur I.: Physical Properties and 

Chemical Constitutions. Part XVIII. Three-membered and 
Four-membered Carbon Rings. Jour. Chem. Soc. (London), 
1948, Part H, pp. 1804-1809. 

48. Derfer, John M., Pickett, Edward E., and Boord, Cecil E. : Infrared 

Absorption Spectra of Some Cyclopropane Hydroonrbons. Jour. 
Am. Chem. Soc., vol. 71, no. 7, July 1949, pp. 2482-2486. 

49. Wiberley, Stephen E., and Bunce, Stanley C. : Infrared Spootra in 

Identification of Derivatives of Cyclopropane. Anal. Chem., vol. 
24, no. 4, April 1952, pp. 623-625. 

50. Tschugaeff, L.: Ueber das Thujen, ein neues bycycllsohes Terpen. 

Ber. D. Chem. GeselL, Bd. XXXIII, 1900, pp. 3118-3126. 

51. Ostling, Gustav Jim: The Influence of Three- and Four-membered 

Rings on the Refractive and Dispersive Power of Organic 
Compounds. Jour. Chem. Soc. Trans. (London), voL 101 I, 
1912-, pp. 457-476. 

52. Bruylants, P.: Contribution A l’Atude des- composes oyollques 

trim6thyl6niques. Bull.Soo. Chim. Belg., T.36,No.ll,Nov. 1927, 
pp. 519-532. 

63. Weissberger, A., ed.: Physical Methods of Organio Chemistry. 
VoL I, pt. II., Interscience Publishers, Inc., (Now York), 1949. 

54. Vogel, Arthur I.: Physical Properties and Chemical Constitution. 

Part XXIII. Miscellaneous Compounds. Investigation of the 
So-called Co-ordinate or Dative Link in Esters of Oxy-aoids 
and in Nitro-parafiins by Molecular Refraotivity Determinations. 
Atomic, Structural, and Group Parachors and Refraotivltles. 
-Jour. Chem. Soc. (London), 1948, Part II, pp. 1833-1856. 

55. Anon.: Selected Values of Properties of Hydrocarbons. Ciroular 

C461, Nat. Bur. Standards, Nov. 1947. 

56. Cowan, David M., Jeffery, George H., and Vogel, Arthur I.: 

Physical Properties and Chemical Constitution. Part V. 
Alkyl Ketones. Jour. Chem. Soc. (London), 1948, Part I, pp. 
171-176. 

57. Vogel, Arthur I.: Physical Properties and Chemical Constitution. 

Part XU I. Aliphatic Carboxylic Esters. Jour. Chem. Soc. 
(London), 1948, Part I, pp. 624-644. 



HYDROCARBON AND NONHYDROCARBON DERIVATIVES OF CYCLOPROPANE 97 

TABLE I.— CARBON-HYDROGEN ABSORPTION BANDS IN INFRARED SPECTRA OF CYCLOPROPANE DERIVATIVES 


Wavelength, microns 


Cyclopropane derivatives 


2-Oydopropylpropane 

2-Oydopropylbatane 

2-Oydopropylpentone 

2-Oydopropylneiane 

2-Oydopropyl-3-methylbutane.. 


Vlnyloydopropane 

2-Oyldopropylpropono — 

2-Cyclopropyl-l-butene 

2-OydopropyH-pentene 

2-CydopropyH-nexene 

2-Oyclopropyl-3-methyl-l-batene. 


2-Oydopropyl-2-butene CL b.).. 
2-CydopropyI-2-pentene CL b.) . 
2-Oydopropyi-2-hexene CL b.)... 


2-Oydopropyl-2-butene Ch. b.).., 
2-Oydopropyl-2-penteno Ch. b.). 
2-Oydopropyl-2-hoxono Cb. b.)„ 


Splropentane 

Dlcyolopropyl 3, 24 

Methyloydopropylcarblnol 3. 25 

DImethylcydopropylcarblnol 

Methylothyloyclopropylcarblnol 3.25 


. Mothyllsopropylcydopropylcarblnol. 


tronj-1, 2-DlchIorooydopropane 

Methyl cydopropyl ketone- 

Ethyl oydopropyl ketone 

Propyl oydopropyl detone 

Butyl cydopropyl ketone 

Isopropyl cydopropyl ketone 

Diethyl cydopropane-1, 1-dlcarboxylate 


3.26-3.30 

3.31-3.35 

3.30-3.40 

3.41-3.45 


3.32 s 

3.37 




3.38 

3.42s 



3.38 

3.42s 

3.26 


3.38 

3.42s 

3.28 


3.40 

3.43s 


3.32 



3.30 


3.38s 



3.33s 

3.37 

i~42s 

* 3.30a 


3.37 

3.45 

3.27 

3.35s 


3.44 


3.33s 

3.37 

3.41S 


3.34 


3.43 


3.35 



— 

3.34s 

3.39 

3.43s 


3.32 


3.41 



3.37 


3.27 


3.40 






3.28 


3.36 



3.33 

3.40 







3.38 

3.36 

3.40 

3.38 

3.30, 3.40 


* The symbol a denotes band which shows only as a shoulder on a stronger absorption. 
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TABLE IL— CHARACTERISTIC ABSORPTION IN INFRARED 
FOR CYCLOPROPYL RING 


Cyclopropane derivative 

Wavelength, 

microns 

2- O vcloDroDvlDroDane 

9.82 

9.82 

9.82 

9.82 

9.83 







9.77 

9.77 

9.78 
&78 

9.79 ^ 
9.78 


2-CydopropyM-butene___ 

2-Gydopropyl-l-pentene__ * 


2-Cydopropyl-3-methyl-l-butene_ 


in ~”iiiiiii 

9.82 

9,80 

9.82 

2-Oyclopropyl-2 -butene (h. b.) 

2-Oydopropyl-2-pentcne (b. b.) 

2-Oydopropyl-2-nexeno (b. b.) 

9.80 

9.80 

9.80 



9.64 

9.82 

DIcydopropy] 


Mcthylcydopropylcarblnol 

Dimethylcydopropylcarblnol 

9.76 
a78 
a77 
9. 701. 
9.80 
a 76 

^lethylethyloydonfopylcarblnoL .. 

Methylpropylcyclopropvlcarblnol 

MethvlbutvIcvdonronvlmrblnnL 

MctbviisoDroDvIcvdopropylcarblnol 

Cydopropyl chloride 

a73 

9.06 

ass 

l,l-Dicli}orocydopropano _ 

iroiw-l^-Dlchlorocydopropane 

Methyl cydopiopyl ketone ___ 

9 © 

Ethyr cydopropyl ketone 

a?8 
aso 
a 76 

9.78 

Propyl cydopropyl fcetono 

Butyl cydopropyl ketone. 

Isopropyl cydopropyl ketone 

Dlotbvl cvdODroDanc-l-l-dlcarhorvlnte 

9.70 


TABLE in.— MOLECULAR REFRACTIONS OF 
CYCLOPROPANE DERIVATIVES 


Cyclopropane derivative 

Mat 

(calc.) 

Mat 

(obs.) 

AMa 


27.88 

32.63 

37.18 

41.82 

37.18 

28.33 

32.86 

37.61 

42.16 

37.37 

0.46 

.32 

.33 

.33 

.19 



2-Oydopropylhexane 

2-Oydopropyl-3-methylbutano 


22.76 

27.40 

32.06 

36.70 

41.34 

36.70 

H 

a85 

.68 

.41 

.42 

.41 

.36 







32.06 

32.63 

a68 


36.70 

37.47 

.77 


41.34 

42.11 

.77 


32.05 

36.70 

41.34 

32.06 

37.46 

42.13 

0.01 

.76 

.79 

2- Oydopropy 1-2-pen tene (h. b.) 

2-Cydopropyl-2-fiexcne (h. b.) 


21.18 

26.83 

22.46 

26.63 

1.27 

.70 




24.75 

26.12 

0.37 


29.40 

34.05 

38.69 

43.34 

38.69 

29.06 

34.26 

38.86 

43.48 

38.64 

.26 
.20 
• .10 
.14 
—.06 

Methylothyloydopfopylcarbinol 

Methylpropylcyclopropylcarblnol 

Methyl Dutyloydopropylcarblnol 

Mothylljopropylcydopropylcarblnol 


18.76 

23.67 

23.67 

19.07 

94.00 

24.00 

0.31 

.40 

.40 



23.34 

23.04 

0.00 


Diethyl cydopropano-l,l-dIcarborylato 

44.93 

48.77 

0.84 


•Atomic and group rdractlvltles of reference 54 were used. 

*£fi x T~ Ms ( obser ™«- 


TABLE IV.— CONTRIBUTION OF CYCLOPROPYL RING 
TO MOLECULAR REFRACTION 


? 

Bing contribution- 

Hi K' CHi R' 

V + 2H* — 1 \>1d 

Si ^B" CH» ^R" 

Cyclopropane derivatives 

Mr 

(obs.) 

Aliphatic compounds 

Mgb 

Cobs.) 

Ring 

contri- 

bution 

iiiM 

28.33 

32.86 

37.61 

37.37 

42.14 

2-Methylpentano 

S-Methylhexane 

4-Methylheptane. 

2 , 3-DImethylhexane 

4-Methyloctane 

29.95 

34.47 

39.12 

38.99 

43.77 

0.44 

.44 

.45 

.44 

.43 


26.53 


2a 91 

.37 



VInylcydopropane 

2-Cydopropylpropcne 

2-Oydopropyl-l-bntene 

23.60 

27.98 

32.46 

1- Pontene 

3-MethyH-pentene- 

2- Ethyf-l-pentene 

24.83 

29.42 

34.0 

•as3 

•.62 

-.5 

WESEBSEm 

23.94 

Methyl propyl ketone 

d 25.25 

•0.75 

Diethyl cydopropane-1, 1- 
dicarboxylate. 

46.77 


•47.07 

• 0.77 


• Atomic refraction for hydrogen taken from reference 54. 
b From reference 65. 

• Includes ring contribution plus any exaltation accompanying conjugation. 
d From reference 66. 

• From reference 67. 






























































